INTRODUCTION
============

The Korean Breast Cancer Society (KBCS) publishes biennial reports on the characteristics of breast cancer in the country, along with any evolving trends \[[@B1],[@B2],[@B3],[@B4]\]. Data from the nationwide breast cancer registry program run by the Korean Breast Cancer Registry (KBCR) show that the overall survival (OS) of Korean women with breast cancer has been improving over time \[[@B5]\]. However, there is limited data to explain this increasing breast cancer survival in Korea.

Several hypotheses exist to explain this improved survival in breast cancer patients over time. These include improved early detection of breast cancer, increased rate of nonaggressive biologic phenotype breast cancer, and the use of novel adjuvant hormonal or target therapy agents, such as aromatase inhibitors (AIs) and trastuzumab.

Genomic studies have established that breast cancer can be divided into four major intrinsic subtypes (hormone receptor \[HR\]+/human epidermal growth factor receptor 2 \[HER2\]-, HR+/HER2+, HR-/HER2+, and HR-/HER2-) that differ in terms of incidence, survival, and response to therapy \[[@B6],[@B7]\]. Survival analysis according to these subtypes may provide some information in terms of the various hypotheses regarding the improved survival.

In this study, we have attempted to identify the clinicopathological and treatment factors that have exerted considerable influence upon the observed improvement in breast cancer survival in Korea.

METHODS
=======

Korean Breast Cancer Registry
-----------------------------

The KBCR is a database that has been prospectively maintained by the KBCS since 1996 \[[@B8]\]. Nationwide, 102 general hospitals with at least 400 beds, including 41 university hospitals and 61 surgical training hospitals, have voluntarily participated in this program. In 2001, the Online Korean Breast Cancer Registration Program was launched, allowing physicians from each participating hospital could to input the data into the web-based database themselves. Retrospective collection of data from as far back as 1992 was allowed when a participating hospital had a breast cancer database originating before 1996. Essential items for registration were the patient\'s unique Korean resident\'s registration number as an identifier; the patient\'s sex and age; the surgical method used; and the cancer stage based on the American Joint Committee on Cancer classification. In 2004, this registry was estimated to include more than 50% of all newly diagnosed breast cancer patients in Korea.

Patient survival data, including dates and causes of death, were obtained from the Korea Central Cancer Registry, Ministry of Health and Welfare, Korea. The Korean Central Cancer Registry is linked to the Korean National Statistical Office, which maintains complete death statistics recorded by unique identification numbers assigned to all Korean residents \[[@B9]\]. The KBCR data do not include the type or date of tumor recurrence because the Korean Central Cancer Registry provides mortality data only.

The KBCR data do not provide the patient\'s name and unique Korean resident registration number in order to protect the privacy of each patient.

Patients and follow-up
----------------------

From the database, we identified 46,320 patients who underwent breast cancer surgery between January 1999 and December 2006. Among them, 2,335 patients with pure carcinoma in situ were excluded. Patients for whom immunohistochemistry (IHC) results for estrogen receptor (ER), progesterone receptor (PR), or HER2 status were not available, as well as patients who received neoadjuvant chemotherapy were also excluded. In addition, we excluded 6,125 patients who had a 2+ result for HER2 in IHC staining ([Figure 1](#F1){ref-type="fig"}). The HER2 status in these patients should be analyzed by using fluorescence *in situ* hybridization (FISH); however, because we were not able to obtain FISH data in cases of equivocal IHC results, these patients were excluded. Patients who had a 0, 1+ result for HER2 in IHC staining was considered HER2-, 3+ result for that was considered HER2+.

Patients were divided into two cohorts according to the year they received surgery: Cohort I (1999-2002) and Cohort II (2003-2006). In 2003, the use of the AIs was approved by the Korean Food and Drug Administration (FDA) for treatment of early breast cancer. To adjust for the effect of the duration of follow-up between the two cohorts, we took different follow-up end points for the study such as the last date of December 2005 for Cohort I and the last day of December 2009 for Cohort II.

The study population was categorized into four breast cancer subtypes according to the HR, and HER2 status of the tumors: HR-/HER2- (ER-negative, PR-negative, HER2-negative), HR-/HER2+ (ER-negative, PR-negative, HER2-positive), HR+/HER2+ (ER-positive and/or PR-positive, HER2-positive), and HR+/HER2- (ER-positive and/or PR-positive, HER2-negative).

Statistical analyses
--------------------

The correlation between the two cohorts according to the date of surgery and clinicopathological parameters was analyzed by using a chi-square test for trends. Overall survival (OS) was defined as the time from the date of surgery to the date of death or last follow-up.

Relative survival was defined as the observed survival rate divided by the expected survival rate. The observed survival rate was obtained from patient data by using the life-table method. Data from the general population matched for age, sex, and year of diagnosis were used to calculate the expected survival rate. Advice regarding estimation of relative survival was received from the Seoul National University Hospital Medical Research Collaborating Center.

The Kaplan-Meier method was used to estimate the survival outcomes of all patients by date of surgery and cancer subtype. Groups were compared by using log-rank statistics. Cox proportional hazards models were used for both univariable and multivariable analysis.

The hazard ratios (95% confidence interval \[CI\]) and *p*-values are reported. A *p*-value of \<0.05 was used to signify statistical significance. We conducted our analyses by using the SPSS statistical software version 19.0 (SPSS Inc., Chicago, USA).

RESULTS
=======

Patient characteristics
-----------------------

A total of 25,887 patients with invasive breast cancer with available IHC results were included in the final analysis. Patient characteristics by date of surgery are listed in [Table 1](#T1){ref-type="table"}. The median age of the patients at diagnosis was 47 years for both cohorts. The median duration of follow-up was 55 months for Cohort I and 48 months for Cohort II.

Cohort II had a higher proportion of older patients (\>50 years), as well as patients with smaller tumor size (≤2 cm), negative node involvement, favorable histological grade (G1 or 2), negative lymphovascular invasion, positive HR status, and negative HER2 status.

[Figure 2](#F2){ref-type="fig"} shows the increase of HR+/HER2- subtype breast cancer. There was a higher proportion of HR+/HER2- subtype and stage I breast cancer in Cohort II as compared with Cohort I (HR+/HER2-, 54.6% vs. 47.4%, *p*\<0.001; stage I, 39.6% vs. 31.0%, *p*\<0.001).

Survival differences between the two cohorts
--------------------------------------------

Five-year OS was 85.6% for Cohort I and 93.0% for Cohort II (*p*\<0.001). [Table 2](#T2){ref-type="table"} lists the results of univariate and multivariate Cox regression analyses for clinicopathological factors influencing survival. Factors favorably affecting long-term OS rates were age \<50 years, small tumor size, lymph node negativity, HR-positive, HER2-negative, low histological grade, and negative lymphovascular invasion.

Analyses according to subtype
-----------------------------

The OS rate was superior in Cohort II compared to Cohort I for all subtypes ([Figure 3](#F3){ref-type="fig"}). The 5-year breast cancer-specific survival rate was also superior in Cohort II compared to in Cohort I in each subtype: 94.7% vs. 98.0% in HR+/HER2-; 89.7% vs. 96.2% in HR+/HER2+; 82.9% vs. 94.6% in HR-/HER2+; and 87.0% vs. 94.5% in HR-/HER2-, respectively.

We also performed multivariate analysis to explore the associated prognostic factors of breast cancer according to its subtypes ([Table 3](#T3){ref-type="table"}). The date of surgery (Cohort II vs. Cohort I) was significantly associated with survival in all subtypes after adjustment for other prognostic factors (HR+/HER2-: hazard ratio, 0.467, 95% CI, 0.373-0.585, *p*\<0.001; HR+/HER2+: hazard ratio, 0.458, 95% CI, 0.323-0.633, *p*\<0.001; HR-/HER2+: hazard ratio, 0.449, 95% CI, 0.390-0.640, *p*\<0.001; HR-/HER2-: hazard ratio, 0.582, 95% CI, 0.481-0.738, *p*\<0.001).

We analyzed the relative survival according to the stage. In Cohort II, especially in the advanced stage, most subtypes displayed better survival than that of Cohort I. However, the HER2 subtype showed similar relative survival between Cohort I and Cohort II.

DISCUSSION
==========

In this study, we have demonstrated that the OS rate of breast cancer in Korea improved with respect to different chronological periods. We have also shown that survival improvement was seen in all molecular subtypes. In addition, we found that the patients in Cohort II were more likely to have smaller tumors, negative lymph node involvement, and favorable histological status. Interestingly, we found that the prevalence of the HR+/HER2- subtype of breast cancer was significantly increased in Cohort II.

Remarkably, there was a significant survival improvement in patients with the HR-/HER2-subtype of breast cancer. There has been little change in the treatment of the HR-/HER2- subtype of breast cancer and there has emerged neither any accepted targeted therapy nor any effective biologic agent for this type since the breast cancer community defined this disease entity in early 2000. The increase in survival might be explained by the increase in early-stage breast cancer in the HR-/HER2- subtype, and it might also be due to increasing use of aggressive chemotherapy even for early-stage HR-/HER2- subtype of breast cancer.

One recent study from the Surveillance, Epidemiology, and End Results program demonstrated a significant decline of ER-positive breast cancer in Caucasian women in recent years \[[@B10]\]. However, the frequency of ER-positive breast cancer significantly increased in Japanese women \[[@B11]\]. In our study, we also found a similar trend among Japanese women.

A pooled analysis from the Breast Cancer Association Consortium Studies demonstrated that early age at menarche (≤12 years), nulliparity, increasing age at first birth, and obesity in older women (\>50 years) were more frequently associated with HR-positive breast cancer, especially HR+/HER2- tumors \[[@B12],[@B13]\]. Ko et al. \[[@B1]\] demonstrated that the increased incidence of breast cancer in Korea might be associated with increases in these generally accepted reproductive risk factors \[[@B14],[@B15]\]. Additionally, recent nationwide Korean breast cancer data have shown that increased reproductive risk factors may explain the recent increase in HR-positive tumors, especially the HR+/HER2- subtype \[[@B16]\].

AIs have been approved by the Korean FDA as a treatment for postmenopausal patients with HR-positive breast tumor since 2003. In our study, 178 of 4,489 patients (4.0%) in Cohort I and 1,085 of 9,602 patients (11.3%) in Cohort II were prescribed AIs as adjuvant therapy. There was no survival difference between the group that used selective ER modulator only and the group that used AIs (*p*=0.206) ([Figure 4](#F4){ref-type="fig"}). It seems that increased use of AIs may not significantly contribute to the improvement in survival rates seen over time. We could not identify the effect of trastuzumab in this study since it was not approved for use in Korea until after 2006.

Large-scale, multicenter data are one of the strengths of our study, but they are also one of the limitations. Because of the large amount of missing data, we had difficulty in investing the characteristics of all patients desired in our study. All patients enrolled in the present study were breast cancer patients with result for ER, PR, and HER2 IHC result only. Thus, caution is required when our results are interpreted as representative for Korean breast cancer survival. Data on pathologic features and HR status were not standardized between institutions. Moreover, HER2 2+ patients had to be excluded unless FISH assay was performed, which could have resulted in a different proportion of subtypes.

Improvement in Korean breast cancer survival over the study period was observed in all subtypes of breast cancer, which implies that an increase in early-stage detection and less aggressive cancers contributed to this improvement.
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![Chronological changes in Korean breast cancer during 1999 to 2006. The incidence of Korean breast cancer during 1999 to 2006 demonstrated by the subtype (A) and the stage (B). Proportional change of Korean breast cancer during 1999 to 2006 demonstrated by the subtype (C) and the stage (D).\
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HR-/HER2+. (D) HR-/HER2-. HR=hormone receptor; HER2=human epidermal growth factor receptor 2.](jbc-18-8-g003){#F3}

![Kaplan-Meier survival plot of the HR+ (ER+ and/or PR+) subtype tumor according to the use of aromatase inhibitors (AIs). There is nonsignificant survival difference between the selective estrogen receptor modulator (SERM)-only use group and AIs use group (*p*=0.206).\
HR=hormone receptor; ER=estrogen receptor; PR=progesterone receptor; CI=confidence interval.](jbc-18-8-g004){#F4}

###### Patient, tumor and treatment characteristics according to Cohort I and Cohort II

![](jbc-18-8-i001)

  Characteristic            Cohort I 1999-2002 (n=8,042) No. (%)   Cohort II 2003-2006 (n=17,845) No. (%)   Total (n=25,887) No. (%)   *p*-value
  ------------------------- -------------------------------------- ---------------------------------------- -------------------------- -----------
  Age (yr)                                                                                                                             
   ≤50                      5,146 (64.0)                           11,214 (62.8)                            16,360 (63.2)              
   \>50                     2,896 (36.0)                           6,631 (37.2)                             9,527 (36.8)               0.076
  Tumor size (cm)                                                                                                                      
   ≤2                       3,755 (46.7)                           10,057 (56.4)                            13,812 (53.4)              
   \>2, ≤5                  3,701 (46.0)                           6,889 (38.6)                             10,590 (40.9)              
   \>5                      586 (7.3)                              899 (5.0)                                1,485 (5.7)                \<0.001
  Nodal status                                                                                                                         
   N0                       4,560 (56.7)                           11,028 (61.8)                            15,588 (60.2)              
   N1                       1,949 (24.2)                           4,045 (22.7)                             5,994 (23.2)               
   N2                       823 (10.2)                             1,614 (9.0)                              2,437 (9.4)                
   N3                       709 (8.8)                              1,148 (6.4)                              1,857 (7.2)                \<0.001
   Missing                  \-                                     \-                                       11 (0.4)                   
  Histological grade                                                                                                                   
   G1 or G2                 3,593 (57.1)                           9,216 (60.7)                             12,809 (49.5)              
   G3                       2,695 (42.9)                           5,960 (39.3)                             8,655 (33.4)               0.001
   Missing                  \-                                     \-                                       4,423 (17.1)               
  Lymphovascular invasion                                                                                                              
   No                       2,808 (61.4)                           9,347 (63.7)                             12,155 (47.0)              
   Yes                      1,769 (38.6)                           5,331 (36.3)                             7,100 (27.4)               \<0.001
   Missing                  \-                                     \-                                       6,632 (25.6)               
  Estrogen receptor                                                                                                                    
   Negative                 3,457 (43.0)                           7,280 (40.8)                             10,737 (41.5)              
   Positive                 4,579 (57.0)                           10,550 (59.2)                            15,129 (58.5)              \<0.001
  Progesterone receptor                                                                                                                
   Negative                 4,017 (50.1)                           7,966 (44.7)                             11,983 (46.4)              
   Positive                 4,007 (49.9)                           9,850 (55.3)                             13,857 (53.6)              \<0.001
  HER2^\*^                                                                                                                             
   0 or 1+                  5,641 (70.1)                           13,604 (76.2)                            19,245 (74.3)              
   3+                       2,401 (29.9)                           4,241 (23.8)                             6,642 (25.7)               0.004
  Subtype                                                                                                                              
   HR+/HER2-                3,808 (47.4)                           9,749 (54.6)                             13,557 (52.4)              
   HR+/HER2+                1,340 (16.7)                           2,014 (11.3)                             3,354 (13.0)               
   HR-/HER2+                1,061 (13.2)                           2,227 (12.5)                             3,288 (12.7)               
   HR-/HER2-                1,833 (22.8)                           3,855 (21.6)                             5,688 (22.0)               \<0.001
  Chemotherapy                                                                                                                         
   No                       1,146 (15.6)                           3,172 (19.4)                             4,318 (16.9)               
   Yes                      6,215 (84.4)                           13,183 (80.6)                            19,398 (74.9)              \<0.001
   Missing                  \-                                     \-                                       2,110 (8.2)                
  Hormone therapy                                                                                                                      
   No                       2,427 (35.1)                           4,959 (34.1)                             7,386 (28.5)               
   Yes                      4,490 (64.9)                           9,602 (65.9)                             14,092 (54.4)              0.137
   Missing                  \-                                     \-                                       4,409 (17.0)               
  Hormone therapy                                                                                                                      
   SERM                     4,311 (96.0)                           8,517 (88.7)                             12,828 (49.6)              
   AIs ± SERM               178 (4.0)                              1,085 (11.3)                             1,263 (4.9)                \<0.001
   Missing                  \-                                     \-                                       11,796 (45.6)              

HER2=human epidermal growth factor receptor 2; HR=hormone receptor; HR+=estrogen receptor (ER)+ or progesterone receptor (PR)+; HR-=ER- and PR-; SERM=selective estrogen receptor modulator; AIs=aromatase inhibitors.

^\*^Patients who had 2+ result for HER2 was excluded in this data.

###### Univariate and multivariate analysis for prognostic factors associated with overall death among Korean breast cancer patients

![](jbc-18-8-i002)

                                              Univariate   Multivariate                     
  ------------------------------------------- ------------ ---------------------- --------- ---------------------
  Date of surgery (1999-2002 vs. 2003-2006)   \<0.001      0.473 (0.434-0.515)    \<0.001   0.513 (0.452-0.583)
  Age (≤50 yr vs. \>50 yr)                    \<0.001      1.374 (1.262-1.496)    \<0.001   1.428 (1.257-1.622)
  Tumor stage (vs. T1)                        \<0.001                             \<0.001   
   T2                                         \<0.001      2.635 (2.373-2.927)    \<0.001   1.834 (1.559-2.158)
   T3                                         \<0.001      9.030 (7.992-10.203)   \<0.001   4.577 (3.751-5.584)
  LN (positive vs. negative)                  \<0.001      4.150 (3.770-4.569)    \<0.001   2.608 (2.209-3.079)
  HG (G3 vs. G1 or G2)                        \<0.001      2.505 (2.280-2.753)    \<0.001   1.380 (1.202-1.584)
  LVI (yes vs. no)                            \<0.001      2.917 (2.621-3.246)    \<0.001   1.532 (1.327-1.767)
  Subtype (vs. HR+/HER2-)                     \<0.001                             \<0.001   
   HR+/HER2+                                  \<0.001      2.089 (1.831-2.383)    \<0.001   1.618 (1.323-1.981)
   HR-/HER2+                                  \<0.001      3.344 (2.973-3.762)    \<0.001   2.150 (1.726-2.677)
   HR-/HER2-                                  \<0.001      2.753 (2.473-3.762)    \<0.001   2.014 (1.627-2.494)
  CTx (yes vs. no)                            \<0.001      2.078 (1.792-2.408)    0.003     0.695 (0.548-0.882)
  HTx (yes vs. no)                            \<0.001      0.509 (0.463-0.588)    0.003     0.756 (0.629-0.909)

CI=confidence interval; LN=lymph node involvement; HG=histological grade; LVI=lymphovascular invasion; HR=hormone receptor; HER2=human epidermal growth factor receptor 2; HR+=estrogen receptor (ER)+ or progesterone receptor (PR)+; HR-=ER- and PR-; CTx=chemotherapy; HTx=hormone therapy.

###### Univariate and multivariate analysis for prognostic factors associated with overall death among Korean breast cancer patients according to molecular subtype
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                                               Univariate   Multivariate                      
  -------------------------------------------- ------------ ----------------------- --------- ---------------------
  HR+/HER2-                                                                                   
   Date of surgery (1999-2002 vs. 2003-2006)   \<0.001      0.450 (0.385-0.526)     \<0.001   0.476 (0.379-0.597)
   Age (≤50 yr vs. \>50 yr)                    \<0.001      1.696 (1.452-1.980)     \<0.001   2.005 (1.595-2.521)
   Tumor stage (vs. T1)                        \<0.001                              \<0.001   
    T2                                         \<0.001      2.603 (2.161-3.135)     \<0.001   1.798 (1.357-2.381)
    T3                                         \<0.001      10.235 (8.225-12.736)   \<0.001   5.539 (3.928-7.810)
   N stage (vs. N0)                            \<0.001                              \<0.001   
    N1                                         \<0.001      1.299 (0.998-1.689)     \<0.001   1.240 (0.889-1.730)
    N2                                         \<0.001      2.710 (2.128-3.448)     \<0.001   2.627 (1.839-3.751)
    N3                                         0.052        7.752 (6.024-10.000)    \-        \-
   HG (G3 vs. G1 or G2)                        \<0.001      2.314 (1.948-2.748)     \<0.001   1.683 (1.332-2.126)
   LVI (yes vs. no)                            \<0.001      2\. 695 (2.227-3.261)   0.040     1.303 (1.012-1.680)
   CTx (yes vs. no)                            \<0.001      1.900 (1.508-2.393)     0.797     1.048 (0.735-1.492)
   HTx (yes vs. no)                            \<0.001      0.512 (0.442-0.689)     0.007     0.640 (0.462-0.886)
  HR+/HER2+                                                                                   
   Date of surgery (1999-2002 vs. 2003-2006)   \<0.001      0.460 (0.367-0.577)     \<0.001   0.474 (0.393-0.664)
   Age (≤50 yr vs. \>50 yr)                    \<0.001      1.526 (1.228-1.896)     \<0.001   2.161 (1.541-3.030)
   Tumor stage (vs. T1)                        \<0.001                              \<0.001   
    T2                                         \<0.001      2.431 (1.864-3.171)     0.012     1.733 (1.126-2.667)
    T3                                         \<0.001      6.142 (4.478-8.425)     \<0.001   3.584 (2.060-6.234)
   N stage (vs. N0)                            \<0.001                              \<0.001   
    N1                                         \<0.001      0.855 (0.563-1.297)     0.001     2.029 (1.228-3.352)
    N2                                         0.113        1.372 (0.903-2.028)     \-        \-
    N3                                         0.462        4.854 (3.195-7.407)     \-        \-
   HG (G3 vs. G1 or G2)                        \<0.001      1.985 (1.569-2.512)     0.213     1.241 (0.883-1.744)
   LVI (yes vs. no)                            \<0.001      2.618 (1.950-3.514)     0.009     1.687 (1.139-2.248)
   CTx (yes vs. no)                            0.001        1.763 (1.265-2.458)     0.309     0.723 (0.387-1.350)
   HTx (yes vs. no)                            0.818        0.952 (0.722-1.152)     \-        \-
  HR-/HER2+                                                                                   
   Date of surgery (1999-2002 vs. 2003-2006)   \<0.001      0.498 (0.417-0.595)     \<0.001   0.515 (0.401-0.662)
   Age (≤50 yr vs. \>50 yr)                    0.914        1.010 (0.845-1.207)     \-        \-
   Tumor stage (vs. T1)                        \<0.001                              \<0.001   
    T2                                         \<0.001      2.486 (1.864-3.171)     0.002     1.690 (1.215-2.349)
    T3                                         \<0.001      7.401 (4.478-8.425)     \<0.001   3.497 (2.367-5.166)
   N stage (vs. N0)                            \<0.001                              \<0.001   
    N1                                         \<0.001      1.256 (0.965-1.637)     \<0.001   2.108 (1.405-3.162)
    N2                                         \<0.001      2.392 (1.862-3.067)     \<0.001   5.115 (3.443-7.599)
    N3                                         0.089        9.804 (7.353-12.987)              
   HG (G3 vs. G1 or G2)                        \<0.001      1.829 (1.476-2.266)     0.037     1.332 (1.018-1.742)
   LVI (yes vs. no)                            \<0.001      3.734 (2.958-4.712)     0.010     1.446 (1.093-1.912)
   CTx (yes vs. no)                            0.006        1.703 (1.169-2.482)     \<0.001   0.339 (0.198-0.583)
  HR-/HER2-                                                                                   
   Date of surgery (1999-2002 vs. 2003-2006)   \<0.001      0.566 (0.488-0.657)     \<0.001   0.608 (0.489-0.756)
   Age (≤50 yr vs. \>50 yr)                    0.081        1.144 (0.984-1.331)     \-        \-
   Tumor stage (vs. T1)                        \<0.001                              \<0.001   
    T2                                         \<0.001      2.147 (1.780-2.589)     \<0.001   1.870 (1.426-2.452)
    T3                                         \<0.001      7.528 (6.039-9.385)     \<0.001   4.916 (3.530-6.848)
   N stage (vs. N0)                            \<0.001                              \<0.001   
    N1                                         \<0.001      1.376 (1.058-1.789)     \<0.001   1.747 (1.317-2.316)
    N2                                         \<0.001      2.604 (2.049-3.300)     \<0.001   2.638 (1.901-3.659)
    N3                                         0.017        6.849 (5.376-8.696)     \<0.001   3.966 (2.841-5.537)
   HG (G3 vs G1 or G2)                         \<0.001      1.514 (1.258-1.822)     0.074     1.236 (0.980-1.560)
   LVI (yes vs. no)                            \<0.001      2.774 (2.305-3.338)     \<0.001   1.517 (1.204-1.911)
   CTx (yes vs no)                             0.206        1.223 (0.895-1.673)     \-        \-

CI=confidence interval; HR=hormone receptor; HER2=human epidermal growth factor receptor 2; HR+=estrogen receptor (ER)+ or progesterone receptor (PR)+; HR-=ER- and PR-; HG=histological grade; LVI=lymphovascular invasion; CTx=chemotherapy; HTx=hormone therapy.

[^1]: ^\*^These authors contributed equally to this work.
